Soldiers´training and experience can influence the outcome of the missions, as well as their own physical integrity. The objective of this research was to analyze the psycho-physiological response and specific motor skills in an urban combat simulation with two units of infantry with different training and experience. Material and Methods: psychophysiological parameters -Heart Rate, blood oxygen saturation, glucose and blood lactate, cortical activation, anxiety and heart rate variability-, as well as fine motor skills were analyzed in 31 male soldiers of the Spanish Army, 19 belonging to the Light Infantry Brigade, and 12 to the Heavy Forces Infantry Brigade, before and after an urban combat simulation. Results and Conclusion: A combat simulation provokes an alteration of the psycho-physiological basal state in soldiers and a great unbalance in the sympathetic-vagal interaction. The specific training of Light Infantry unit involves lower metabolic, cardiovascular, and anxiogenic response not only previous, but mainly after a combat maneuver, than Heavy Infantry unit's. No differences were found in relation with fine motor skills, improving in both cases after the maneuver. This fact should be taken into account for betterment units´deployment preparation in current theaters of operations.
Introduction
Training and experience are crucial factors to achieve an optimal performance and success in different tasks like in sport or medical areas [1] . In addition, overwhelming and stressful situations induce a chain of physiological and psychological reactions as the sympathetic nervous system (SNS) activation [2] , increasing of blood pressure (BP), heart rate (HR), anaerobic metabolism, cortisol, skin temperature, decreasing heart rate variability (HRV), and a misinterpretation of rated of perceived exertion (RPE) [3] [4] [5] [6] [7] [8] . The organic response to acute stress has an adaptive function since it prepares the individual to face threats and uncertainties, but if this response is extended in time, it may produce alterations in perception, such as body perception, environment or passage of time, cognition, and memory [9] , and even lead to Post-Traumatic Stress Disorder (PTSD) [10] [11] [12] . In this line, in military population, it was observed how experience and training has a strong influence on the recovery and on the risk of developing PTSD as well as other stress disorders [13] .
In response to a potential threat, the SNS activates according to the subjective perception of the stimulus [14] and the perceived control over the situation [15] . Moderate excitement of the SNS is beneficial for maneuvering optimally during critical situations as it increases alertness, focuses attention, improves performance and sensory perception [16] , increasing the ability of the individual to successfully face a threat [14] . One of the most stressful situations that can be faced by the human being is combat. Current international armed conflicts involve risks for soldiers´physical integrity and their own life. Recently, several studies have revealed the high impact of this contexts in the warfighters´psychophysiological response caused by the stress of combat [4, 7, 10, 17] . In this line, it was evaluated a high activation of the SNS that triggers an increase in muscular strength, HR and blood lactate (BL) concentration [7] . At present, in contrast to ancient war-conflicts, both peace and operative missions (in conflict areas) are distinguished by asymmetrical combats where reduced operational army groups get immersed in the deployment zone to carry out their specific mission. The accumulation of stress can cause severe problems to the combatants and mission, mainly in those especially sensitive with reduced units [18] .
Depending on the expertise degree, the psychophysiological response of subjects will be different when facing a similar task or threat. For example, in highly stressful contexts, such as military tactical parachute jumps, novice paratroopers have shown higher psychophysiological and anxiogenic response than experienced paratroopers [1] . Lack of experience, has even been reported as one of the leading causes of human errors in commercial pilots' studies, correlating negatively with flight safety indexes [19, 20] . Likewise, the magnitude of the psychophysiological response of the agents and security corps to high stress situations can determine the results and consequences of their actions [15, 21, 22] . Different trainings, methods and workout loads, will involve varied psychophysiological adaptations that can lead to different effects and consequences during combat. In current theaters of operations, a large number of different units as special operation, light infantry, mechanized heavy infantry, national guard and police units are deployed, and all of them have to face asymmetrical combats conducted in urban areas. To the best of our knowledge it is not known the most effective training to achieve the higher operative performance in these new combat areas. Then, the present research aimed to analyze the psychophysiological response and specific fine motor skill in asymmetrical combat of two common infantry units (light vs. heavy) deployed in actual theater of operations. We hypothesized that light infantry will archive a lower psychophysiological response and their specific fine motor skills would not be negatively affected by combat stress. This information has a direct application for training systems conducted before the deployment in actual theatres of operations in order to improve soldiers' performance and their survival.
Material and method

Experimental approach to the problem
To reach the study objective, two operative infantry units deployed in current theaters of operation were analyzed pre and post an urban asymmetrical combat simulation. Personal of a Light Mountain Infantry Unit (LIU) and a Heavy Infantry Unit (HIU) were selected for this purpose. LIU is a highlyphysically trained and has experience in light infantry tactics, whereas HIU is trained and has experience in combined actions with tanks. 14 .58 ± 4.87 years of experience in their unit) of the Spanish Army, with experience in international missions in current armed conflicts were analyzed. The soldiers were equipped with the standard equipment (12 kg) and a simulated rifle. All the procedures performed in the present investigation complied with the principles of the Declaration of Helsinki, were approved by the Headquarters of the corresponding Unit and in addition, all the participants signed an informed consent.
Participants
Procedure
The combat simulation consists in an asymmetrical urban action. The objective of the mission was to rescue a prisoner, in this case an isolated allied soldier who had to be evacuated from the conflict zone to a safe area. During the simulation, soldiers were organized into intervention groups of four soldiers, who had to respond in every moment according to International Law and rules of confrontation in diverse situations: unarmed and armed civilians, enemy soldiers with concealed weapons, enemy soldiers with firearms, allied international and private security forces, and Improvised Explosive Devices (IED).
Before and immediately after the combat simulation, the following measurements were made according previous studies [1, 5, [23] [24] [25] ]:
1. Heart Rate (HR) and heart rate variability (HRV) with Polar S810 HR monitor with RR measurement function (POLAR, Finland) following procedures of previous studies [26] . The Kubios HRV software (University of Kuopio, Kuopio, Finland) was used to analyze HRV parameters of time and frequency: Square root of the mean value of all sum of squared differences of all R-Rs following intervals (RMSSD); Low Frequency band (LF); High Frequency band (HF). 2. Blood Oxygen Saturation (BOS) by pulse oximeter (PO 30 Beurer Medical).
Blood Glucose levels by the portable glucometer One
Touch Basic, LifeScan Inc. (Madrid) 4. Blood lactate by taking a sample of 5 μl of capillary blood from a finger of the subjects and analyzed with the Lactate Pro lactate system (Akagui, Tokyo, Japan) 5. Fine motor specific skills, by means of the time of ammunition of a pistol magazine (PMTR): 10 bullets 9 mm parabelum in a Beretta gun charger.
6. Cortical activation and fatigue of the Central Nervous System (CNS) using the Lafayette Instrument Flicker Fusion Control Unit (Model 12,021) and the procedure of previous research [24] . 7. Anxiety response by the CSAI-2R [27] , that consists in 17 items that assess cognitive anxiety (CA), somatic anxiety (SA) and self-confidence (SC), with 5, 7 and 5 items respectively. The response scale evaluated the intensity of each symptom on a scale of 1 (not at all) to 4 (very much).
Higher scores on CA and SA subscales indicate high level of anxiety, whereas higher scores on the SC subscale mean a high level of self-confidence. Finally, the anxiety state was analyzed by the: State-Trait Anxiety Questionnaire. (STAI) [28] , which evaluates a transient emotional state, characterized by subjective feelings, consciously perceived, attention and apprehension and hyperactivity of the autonomic nervous system (ANS).
Statistical analysis
Statistical analysis was performed with the SPSS 21.0 statistical program. The descriptive statistics used to report the results were the mean ± standard deviation (SD analysis between all the study variables was performed using Spearman rank correlation. The level of significance for all the comparisons was set at P < 0.05.
Results
HR and blood lactate presented a significant increase in both groups at the end of the combat simulation. However, PMRT presented a significantly decrease after the combat simulation (Table 1) . HRV parameters presented a similar response in both groups. After the maneuver LF values increased significantly and there was a significant decrease in HF and RMSSD values. Regarding HR, BOS, CFFT, SA, RMSSD values after the simulation and CFFT, RMSSD and HF pre-maneuver values, were significantly lower in light infantry unit (Table 2) .
Regarding the correlations analysis, HR post presented a positive correlation with Glucose pre and post, AC, AS, HF pre and RMSSD pre-post. BOS post values correlate positively with HF pre, RMSSD pre and post. Both HR and BOS post correlates negatively with LF pre (Table 3 ). The rest of correlations obtained between the study's variables are shown in Table 3 .
Discussion
The purpose of the present research was to analyze the effect of training and experience in the psychophysiological response and fine specific motor skills of two different military units in asymmetrical combat. The initial hypothesis was partially complied since light infantry reported a lower psychophysiological than heavy infantry response, being specific fine motor skills not affected in groups. The HR of LIU was lower than HIU in pre and post measurements, fact related with a better physical fitness level, probably due to the higher physical training conducted by LIU [20] . Several studies have indicated that long-term physical training improves physical fitness in terms of shifting cardiorespiratory baselines (e.g. lower heart rate) [29, 30] . HR is an important military performance marker, since recent studies have negatively correlated higher HR with marksmanship [31, 32] . Nevertheless, this increased HR had no effect on fine motor skills (PMTR) of both experimental groups. This response was as a sample of avoidance behavior (to reduce the time of exposure to the threats), already showed in police and military units against high anxiety situations [5, 33] . The correlation analysis between HR and PMRT suggested that soldiers conducted the combat simulation within an optimal arousal level. These results were according to the Inverted-U hypothesis which predicts that performance is best at a moderate optimal level and becomes progressively worse with either increases or decreases in arousal [34, 35] , and comes to confirm that incorporating psychological factors in training (e.g. pressure), may enhance performance [36, 37] .
In accordance with the analysis of the HRV, LIU presented significant higher basal LF before the maneuver, related with a sympathetic nervous system activation [38, 39] . Overstimulation of sympathetic nervous system has been reported as a consequence of overtraining, muscular injuries, and health disorders [39] , which can connect with the overtraining situation of this unit, due to their hard mountain training performed. The significant decrease in the parasympathetic nervous system and increase of the sympathetic nervous system after the combat simulation, was observed in booth groups, and can be attributed to the fight-flight response mechanism activation [7, 23] . This fluctuation in the sympathetic-vagal balance, matches the results obtained in other combat situations of different military units [5, 7, 40] , being greater in the present study and higher than different athletes as volleyball players in competitive period [41] or ultra-endurance mountain runners [42, 43] ; results that showed the high demands of this special maneuvers. In line with the decrease in parasympathetic nervous system of LIU, the BOS and CFFT also decrease, probably due to they did not interrupt their common training to conduct the asymmetrical combat simulation analyzed in the present study. The decrease in CFFT has been related with symptoms of CNS fatigue and weakness in cognitive processing that can lead to slower and inaccurate responses [6] . Maladaptive psychophysiological stress response in combat could negatively affect outcomes supposing a risk for soldiers [15] , and then an accurate evaluation of these parameters could be an optimal tool to improve soldiers' performance and safety, as recent research has shown both in military [44] , and sport population [45] .
Blood lactate values after the combat simulation, were above the anaerobic threshold in both groups [46] . Increase in anaerobic metabolism is associated to intense physical exercise [47] . In present study, it was achieved after the simulation even the low speed movement during the maneuver (2-3 km/h). This fact is related to the fight-flight mechanism activation, and showed the high impact perceived stress that allow us to focus on new training systems to face these new physiological requirements of actual combat areas. This significant increase in anaerobic metabolism is in line with previous studies conducted in symmetrical, asymmetrical combats and tactical parachute jumps [5, 24, 25] .
Regarding the anxiety response, LIU had a lower cognitive and somatic anxiety than HIU. These results could be expected since these units are used to train under similar context as carried out in the present combat simulation. During combat, emotional self-regulation is a key factor, and is learned as a substantial, inherent aspect of survival and obstacles´confron-tation. However, in other activities -such as sports-, selfcontrol of emotions is less important and less trained in an explicit and directed manner, so anxiety response is higher [48, 49] . The high results in SC, are quite similar in both groups, probably due to their more than ten years of military experience. Finally, as it's been proved in recent investigation [1] , expertise and previous training has a straight influence in psychophysiological response. So according to the present study, training methods according to the demands of Light Infantry Units would be more efficient in current theaters of operations for an optimal operative performance.
Limitations of the study
The principal limitations of the present research were the small sample size analyzed, the no use of direct measurement of cortical arousal and the no control of stress hormones as amylase or cortisol. These limitations were subject to financial and technological constraints that precluded a larger study. Future research might seek to address these issues.
Practical application
Data obtained in the present study, let enhance our appreciation of the psychophysiological response of soldiers in current armed conflicts, and how training and experience can affect their performance. Blood lactate levels reached, indicate the importance of lactic tolerance and lactate clearance workouts. Current training tendencies suggest high intensity interval training (HIIT) as an effective method to reach this aim [4] . Cortical arousal and HRV modifications, highlighted the influence of stress and anxiety on physiological respond during critical situations as a combat. Results come to reinforce the importance of psychological training factors in the ability of dealing with distressing situations. Beyond HR, assessment of autonomic nervous system throughout HRV is key to monitor individual adaptation to training and know about essential acute and chronic physiological processes. 
Conclusion
The specific training of Light Infantry unit involves lower metabolic, cardiovascular, and anxiogenic response not only previous, but mainly after a combat maneuver, than Heavy Infantry unit's. This fact should be taken into account for betterment units´deployment preparation in current theaters of operations. No differences were found in relation with fine motor skills, improving in both cases after the maneuver.
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